ABSTRACT Alien species are the principal threat to the conservation of the Galápagos Islands, but little is known about the status of nonindigenous Galápagos insects and their effects on the biota. Currently, 463 alien insect species have probably been introduced to the Galápagos, an increase of 186 unintentional species introductions since an inventory in 1998. Alien insects now constitute 23% of the total insect fauna. Six species are known to be invasive and a threat to the biota: two species of Þre ant and two wasps, a scale insect, and an ectoparasitic dipteran. The ecological impacts of the remaining species are unknown, making the prioritization of action for conservation management difÞcult. Thus, a newly developed and simple scoring system is presented to predict their potential invasiveness based on trophic functional role, distribution in Galápagos, and history of invasiveness elsewhere. An additional 52 species are predicted to be highly invasive. The endemic ßora is most at risk because the largest proportion (42%) of the introduced species is herbivores. Plant populations are threatened principally by vectors of plant disease and by phloem and leaf feeders. Introduced predators and parasitoids (17%) may either be affecting, or have the potential to affect, the status of terrestrial invertebrate populations. At least 10% of the species are considered to be negligible threats to Galápagos ecosystems.
INTRODUCED SPECIES HAVE BEEN identiÞed as the principal threat to the terrestrial ecosystems of the Galápa-gos Islands (Snell et al. 2002a ) and the leading cause of animal extinctions worldwide (Clavero and GarciaBerthou 2005) . Species that were intentionally introduced as ornamentals, as sources of food, and for commercial purposes (such as goats, pigs, guava, and the quinine tree) account for much of the damage wreaked in Galápagos (Snell et al. 2002b) . The enactment of laws prohibiting the importation of live animals and live plants (1994 and 1998) has reduced intentional introductions (Causton et al. 2000) . Recently, problems have resulted from insects unintentionally introduced in the increasing quantities of comestibles and construction materials imported to and between the islands. Every month, at least six cargo boats and 80 commercial ßights transport an average of 434 tons of organic cargo to satisfy the growing tourist trade (99,533 tourist visitors in 2003) and local demand (21,000 inhabitants, with the population increasing at a rate of 5.8% per year) (Anon. 2002 , Zapata and Cruz 2003 , Zapata 2004 . Insect introductions are increasing exponentially and are directly related to growing human population numbers (Peck et al. 1998) . In 1999, a quarantine and inspection system for Galápagos (SICGAL) was implemented. A more precise estimate of stowaways entering every year can now be obtained from the number of species detected by quarantine inspectors. In the Þrst six months of the program in 1999, 33 invertebrate species were detected with inspection activities at a sixth of the capacity needed to fully implement the program (Causton et al. 2000) . In 2001, invertebrates were intercepted on 173 occasions, mostly in freight and unaccompanied baggage on ßights from the mainland (Zapata et al. 2002) .
Rapid containment and elimination are envisioned for newly arrived species (detected by SICGAL and early warning monitoring programs) that are considered to be potential threats for Galápagos biodiversity. Yet, the paucity of baseline data on alien insect species in the Galápagos, especially in "hot spot" areas such as urban and agricultural zones, currently prevents Galápagos institutions from knowing whether a newly detected insect is in fact a recent introduction. Without this information it would be illogical to spend time and money on rapid response only to Þnd that the "new introduction" is a species that already occurs elsewhere in the archipelago.
The collection of baseline data on introduced insect species has become a high priority for Galápagos conservation. Peck et al. (1998) published the Þrst comprehensive article on alien insect species in Galápagos, reporting 292 species, all accidental introductions. More than one-half of the records were from Þeld sampling carried out by these authors between 1985 and 1996. Although their list is regularly updated by the Terrestrial Invertebrates Department of the Charles Darwin Research Station (CDRS) as new species and island records are discovered, it was felt that the entire fauna required a reassessment by several of the original authors.
The ecological impact of most alien insect species in the Galápagos is still unknown and can only be surmised. Insect damage often goes unnoticed, especially when it only affects other invertebrates. Conversely, damage to larger organisms such as vertebrates and plants has received more attention, such as the impact of the scale Icerya purchasi Maskell (Margarodidae) on endangered Galápagos plant species (Causton 2003a) , and of Þre ants on the hatching success of tortoises and birds (Roque-Albelo and Causton 1999) . The identiÞcation of the species that are the greatest threats to the biota has not yet been attempted, but prioritization is essential to focus attention on the most important and/or economically manageable issues.
This article updates the list of alien insects of the Galápagos and proposes a new and simple scoring system to identify and prioritize species that are potentially invasive on Galápagos ecosystems. To our knowledge, there are no publications of procedures that ascertain the potential of an insect to become invasive in natural ecosystems although there is work in progress. Methods for predicting the impacts of an introduced species on a natural environment have primarily been developed for plants (Reichard and Hamilton 1997 , Pheloung et al. 1999 , Daehler et al. 2004 . Until now, pest risk assessment methods have been developed only to identify commodities or pathways that are associated with insects that may have an economic impact on agriculture and forestry (Pheloung 2003) . Consequently, we suggest that the system described herein will be useful for evaluating alien insect species in ecosystems elsewhere.
Materials and Methods
Literature on Galápagos published between 1996 and May 2004 was reviewed, and specialists working with Galápagos insects were contacted. The terminology of Peck et al. (1998) was followed with all species that have arrived as a result of the actions of humans classiÞed as introduced species. Species classiÞed as introduced were species or members of genera that are commonly associated with comestibles or other materials imported to the islands and that have been reported as quarantine pests in Ecuador and elsewhere, especially species that have been detected by Galápagos quarantine inspectors. Additional indicators of human-aided introductions are species that are known pests of agriculture, forestry, stored products, and tramp insects of cosmopolitan or Pan American distribution. Species were considered more likely to be introduced if they are only found on inhabited islands in the Galápagos, especially species only found in ports of entry or agricultural areas, and distinctive species suddenly occurring in seemingly wellcollected islands (e.g., Neriidae, Diptera). The inhabited Galápagos Islands are in descending order of human population numbers: Santa Cruz, San Cristó -bal, Isabela, Floreana, and Baltra; Santiago and Españ ola have not been inhabited for 30 and 50 yr, respectively. Specimens are deposited in the Terrestrial Invertebrate Reference Collection of CDRS (IC CDRS). Voucher specimens are also in reference collections maintained by the specialists who identiÞed the different insect groups.
Literature and the World Wide Web were searched for information about the bionomics and distribution of each species and whether they are known as pests or invasive species in other parts of the world. Additional information sources included the Universal Chalcidoidea Database, Global Invasive Species Database, Ecoport, Scalenet, Caterpillar Host Plant Database (NHM), CABI Crop Compendium, and sites that list invasive species by country. For our purposes, an invasive species was deÞned as an "alien species which has become established in natural or seminatural ecosystems or habitat, is an agent of change, and threatens native biological diversity" (Anon. 2000). Caution was used in interpreting information from many of the databases because insects that cause only socioeconomic impact are often referred to as invasive.
The projected or current invasiveness of a species was determined using a simple scoring system in response to questions based on the number of Galápagos Islands occupied by the organism and whether it is naturalized, its history as an invasive elsewhere, its dispersal capacity and feeding habits, and whether it is known or suspected to impact Galápagos species. This produced a set of ranking scores from 0 to 7 ( Table 1) .
Species that scored 6 or more were considered to have a high potential invasiveness, whereas those that scored 4 or 5 were viewed as potentially moderate invasive species. A score of 0 represents no perceived threat to Galápagos ecosystems. The trophic functional role was considered to be an important factor in predicting invasiveness. Insects that are high in the food chain and cause direct damage to or affect the reproductive potential of the ßora or fauna (such as predators, parasitoids, and herbivores that feed on living plants) were allotted higher scores than decomposers and scavengers that seem not to cause a food chain effect. Scores are increased if the species are known as disease vectors for endemic or native biota or to cause environmental damage elsewhere. A wide distribution in other parts of the world, particularly in arid areas, was considered to be indicative of high adaptability to different habitats and a high dispersal capacity. Species that were introduced Ͼ30 yr ago and still have a limited distribution in Galápagos were considered poor dispersers or colonizers.
Our analysis could not take into account the possibility that some species may have a longer latency period before becoming invasive (Carey 1996 , Sakai et al. 2001 , Kiritani and Yamamura 2003 or that others may become invasive only after an unknown event such as habitat disturbance or an extreme climatic event (Williamson 1996) . We chose 30 yr as the cutoff period because most of the baseline data were collected from 1975 onward. Collections were patchy before this date, and it is possible that some species discovered after this date may have been in the archipelago longer and may not be as invasive as their distribution records imply. Species are considered naturalized if they are found in natural areas or are known to feed on native species.
Results
Since the publication of Peck et al. (1998) , there has been a 59% increase in the number of introduced insect species detected in the Galápagos Islands: an additional 186 insect species are unintentional introductions to the Galápagos and one species, the coccinellid beetle Rodolia cardinalis Mulsant, has been intentionally introduced for biological control (Causton 2003b) . Excluding 16 species that have since been withdrawn from the list of Peck et al. (1998) as errors, the current total of introduced insects now recorded in the Galápagos Islands stands at 463 species in 16 orders and 137 families (Appendix 1). New additions of higher taxa to the list are the order Collembola and 32 families: Brentidae, Carabidae, Histeridae, Monotomidae, Rhipiphoridae (Coleoptera); Agromyzidae, Chloropidae, Lonchaeidae, Neriidae, Scatopsidae, Sciaridae, Stratiomyidae, Ulidiidae (Diptera); Alydidae, Conchaspididae, Coreidae, Psyllidae, Rhopalidae, Stenocephalidae, Tingidae, Triozidae (Hemiptera); Megachilidae (Hymenoptera); Cosmopterigidae, Elachistidae, Gelechiidae, Gracillariidae, Plutellidae, Schistonoeidae (Lepidoptera); and Menoponidae, Pediculidae, Philopteridae, and Trichodectidae (Phthiraptera).
In the Galápagos, the orders containing the largest number of introduced insect species are, in descending order Hemiptera (118), Coleoptera (111), Diptera (66), Lepidoptera (64), and Hymenoptera (46). Families that contain ten or more introduced species are Pyralidae (31), Formicidae (22), Staphylinidae (17), Diaspididae (16), Cicadellidae (16), Aphididae (15), Curculionidae (14), Coccidae (12), Scolytidae (10), Pseudococcidae (10). Almost one-half of the introduced species are herbivores that feed on living plant tissue (42%), principally sap feeders and leaf feeders ( Table 2 ). The remaining species are primarily scavengers (27%), predators (12%), and parasitoids (5%).
At least 73% of the alien insect species have naturalized in National Park areas or are known to feed on Species (or species belonging to a genus) that a) seriously impacts species of high conservation value or communities in Galápagos (or is suspected to do so), or b) is invasive in similar ecosystems elsewhere, or c) kills or directly damages its food source and aside from the host upon which it was introduced, is principally restricted to feeding on taxa of high conservation value, or d) is a vector or potential vector of a disease that is transmittable to native species, or e) is a social predator and is a strong disperser and colonizer. 6
Species that kills or directly damages living animals or plants and has a) an extensive distribution in Galápagos (three or more uninhabited islands), or b) spread rapidly on inhabited islands since its known recent (Ͻ20 yr) introduction, or c) a high ability to disperse and colonize (e.g., has polyphagous feeding habits or reproduces parthenogenetically or has a wide geographical range elsewhere that includes natural areas). 5
Species that kills or directly damages living animals or plants and was introduced Ͼ30 yr ago and is naturalized on two or fewer uninhabited islands in addition to the inhabited islands. 4
Species that does not kill or directly damage living animals or plants and has a) an extensive distribution in Galápagos (three or more uninhabited islands), or b) spread rapidly on inhabited islands since its known recent (Ͻ20 yr) introduction, or c) a high ability to disperse and colonize (e.g., has polyphagous feeding habits or reproduces parthenogenetically or has a wide geographical range elsewhere that includes natural areas). 3
Species that kills or directly damages living animals or plants and is a) naturalized only on inhabited islands and was introduced Ͼ30 yr ago, or b) a poor disperser or colonizer, and/or c) more likely to be associated with humans or introduced species. 2
Species that does not kill or directly damage living animals or plants and was introduced Ͼ30 yr ago and is naturalized on two or fewer uninhabited islands in addition to the inhabited islands. 1
Species that does not kill or directly damage living animals or plants and is a) naturalized only on inhabited islands and was introduced Ͼ30 yr ago, or b) a poor disperser or colonizer, and/or c) more likely to be associated with humans or introduced species. 0 a) Species only found in urban zones and agricultural zones and was introduced Ͼ30 yr ago, or b) no recent records (past 30 yr), or c) feeding restricted to introduced taxa or typically only associated with humans, or d) intentionally introduced as a biological control agent following rigorous risk assessment native or endemic species. Two-thirds of these species have dispersed to at least one of the uninhabited islands, and 8% have dispersed extensively to inhabited islands and more than three uninhabited islands. Species that are known to be invasive and affecting Galápagos biota are the Þre ants, Wasmannia auropunctata Roger and Solenopsis geminata (F.) (Formicidae), the wasps Polistes v. versicolor (Olivier) and Brachygastra lecheguana (Latreille) (Vespidae), the scale insect I. purchasi (Margarodidae), and a bird ectoparasite, Philornis downsi Dodge and Aitken (Muscidae) (Appendix 1). An additional 52 species (11%), also with a maximum score of 7, are considered to be potentially highly invasive. These are social predators, herbivores that feed on live tissue, and vectors of disease belonging to genera that are either known to be invasive elsewhere or are suspected of impacting species of conservation value in Galápagos. They are in the families Carabidae and Scolytidae (Coleoptera); Culicidae and Simuliidae (Diptera); Aleyrodidae, Aphididae, Cicadellidae, Diaspididae, Hormaphididae, Pseudococcidae, and Tingidae (Hemiptera); Formicidae (Hymenoptera); and Thripidae (Thysanoptera). Another 139 (30%) species scored 6 and may be important threats for Galápagos. Some 105 species (23%) are categorized as having moderate invasive potential (score 4 or 5), whereas another 112 species (24%) are considered potentially weakly invasive (scores 1Ð3). At least 46 species (10%, score 0) seem unlikely to have any impact on Galápagos biota because they are primarily associated with humans or other introduced species, or have not been recorded in Galápa-gos for the past 30 yr.
Discussion
To date, 23% of the total recorded insect species in the Galápagos Islands are introduced. The lack of baseline data prevents accurate determination of rate of introduction. However, since humans Þrst arrived in Galápagos in 1535, the rate has been almost one insect (0.99) introduced per year. Peck (1996) calculated that the natural rate of species establishment is one every 2000 yr. Therefore, humans have increased the total colonization rate 1,940 times. This rate is likely to rise with more surveys.
Island ecosystems such as Galápagos are particularly susceptible to insect invasion because they have a depauperate biota with low genetic variability and an unpreparedness to deal with disease and parasites (Elton 1958 , Peck et al. 1998 , Wilkelski et al. 2004 . Invasion theory suggests that the greatest impact of invasions into such species-poor communities often occurs when a species performs a novel function in the recipient community (Parker et al. 1999, Hewitt and Huxel 2002) . Insect diversity per unit area in Galápa-gos is very low compared with continental South America (Peck 2001), so some or most introduced species may be occupying niches that were previously unoccupied. More than 50% of the Diplura, Blattoidea, Dermaptera, Embioptera, Homoptera, Phthiraptera, Psocoptera, and Siphonaptera in Galápagos are introduced, and 28 insect families are represented only by introduced species (C.E.C., unpublished data; Peck 2001).
Most alien insects recorded from the Galápagos have become naturalized and are likely to have some impact on Galápagos ecosystems, but the degree of impact is difÞcult to discern. Species that are high up the food chain and directly kill or affect the reproductive potential of a native species will have a greater impact, especially if they affect endangered species. Of these alien species, disease vectors and social predators that have a wide habitat range and a high dispersal capacity are likely to be the greatest threats to biodiversity. Species that are scavengers, fungivores, and borers of dead wood that do not cause a direct food chain effect but that have a high capacity to disperse and colonize probably all alter ecosystem dynamics in some way. The adverse effects of a species may be multiple, including food chain effects, species displacement, alteration of community structure and dynamics, habitat alteration, or changes in ecosystem processes (Parker et al. 1999 , Sakai et al. 2001 .
Highly Invasive Species Affecting Galápagos Biota (Score 7). In this category, we highlight examples of introduced species that have had a direct impact on the native fauna and ßora. These examples include herbivores, social predators, and a bird ectoparasite.
Impact on Flora. 1994 , Causton et al. 2005 ).
Of great current concern to the endemic birds is the dipteran ectoparasite P. downsi that has recently been detected on nestlings of several species of DarwinÕs Þnches, Galápagos mockingbirds, yellow warblers, and dark-billed cuckoos and has been shown to signiÞcantly lower ßedgling success of the Þnches (Fessl and Tebbich 2002) . Threatened species are especially at risk, including the critically endangered mangrove Þnch, Cactospiza heliobates (Snodgrass & Heller), which is down to Ϸ100 individuals (Dvorak et al. 2004) .
Some introduced insect species compete with vertebrates for food. Polistes versicolor, the introduced paper wasp, is estimated to prey on 17Ð154.5 g insects per hectare per day, principally Lepidoptera larvaeÑan important source of food for Þnches and other arthropod predators (Parent 2000) . Parent (2000) estimated that the wasp biomass was higher than the Þnch biomass on some islands. This wasp is considered to be highly invasive on the Galápagos.
Potentially Highly Invasive (Scores 6 and 7). The following examples highlight species that seem to be potentially highly invasive. Their impact or potential impact is not well known and greater study is urgently required. This group includes social predators, herbivores on live tissues, vectors of disease, parasitoids, and predators.
Impact on Flora. The largest proportion of insects in this group are herbivores (64%). PlantÐinsect relationships are poorly studied in the Galápagos Islands, making it hard to evaluate effects on the ßora. Although a recent inventory of insects associated with 19 endangered plant species found only a small percentage of introduced insects, with few seeming to cause signiÞcant damage (R. Boada, unpublished data), a survey of Galápagos Lepidoptera has found that introduced leaf feeders and borers feed on a wide range of endemic species (L.R.-A., unpublished data). Species that seem to be having a substantial impact on the ßora include the scale insect Pinnaspis strachani Cooley (Diaspididae).
Vectors of plant diseases are common but poorly studied. To date, 43 species recorded from Galápagos are known to transmit plant viruses and phytoplasmas in other parts of the world. These species include aphids, whiteßies, thrips, delphacids, cicadellids, mealybugs, and a pentatomid. The cicadellids are already distributed extensively in the archipelago. With the exception of the delphacid planthoppers, which do not seem to be successful dispersers, most other taxa have the potential to become widespread because they are carried on the wind, are facultatively or obligately parthenogenetic, and are generalist feeders. Little is known about the host plants of these groups, but the polyphagous feeding habits of most of these vectors makes it likely that some endemic species are included in their diet. Endangered plant species belonging to families that contain crops known to be affected by diseases transmitted by these vectors (such as Solanaceae and Fabaceae) may be most at risk.
Plant disease vectors are not limited to sap sucking insect orders. The boring beetle Xylosandrus morigerus (Blandford) (Scolytidae) is a congener of the highly invasive X. compactus (Eichhoff), an important ecological pest in Hawaii and other PaciÞc Islands (Nishida and Evenhuis 2000). Both can cause primary damage to healthy trees and seedlings and transmit ambrosial fungi, some of which are phytopathogenic (Booth et al. 1990, Nishida and Evenhuis 2000) .
The damage caused by polyphagous species may be more diffuse because of their wide range of hosts. However, oligophagous or monophagous species (species that are restricted to feeding on several genera within a family or a single genus, respectively) that have been introduced on congeners of threatened or keystone plant species are a greater threat, especially if these plant species are the only hosts available (other than the species on which they were introduced). The endemic Lantana peduncularis Andersson (Verbenaceae) may be at risk from the tingid Leptobyrsa decora Drake that is thought to have been introduced with the invasive weed Lantana camara L.
(Henry and Wilson 2004).
Impact on Fauna. In Galápagos, little is known about the diseases carried by introduced zoophilic insects. However, these vectors should be regarded as having high potential impact because of their association with diseases elsewhere and their high dispersal capacity. Culex quinquefasciatus Say (Culicidae) is a vector of avian malaria in Hawaii, which has had devastating consequences on the endemic birds (van Riper et al. 1986, Nishida and Evenhuis 2000) . It is also a competent vector of West Nile virus in the laboratory (Sardelis et al. 2001 ). These diseases have not been recorded from the Galápagos, but the probability of them arriving via migratory birds is high (Wilkelski et al. 2004) . Bird populations on islands with humid areas are most susceptible because this mosquito is mesophilic. Cx. quinquefasciatus is currently only recorded from the urban zones of four inhabited islands.
The ant fauna of Galápagos is poorly known (except those mentioned above) (Brandão and Paiva 1994, Roque-Albelo et al. 2000) , with many islands not adequately surveyed. Lack of baseline data makes it difÞcult to determine the origin of some species. At least 20 species, other than the Þre ants, have probably been introduced, and most of these are tramp species. These species should be surveyed, in particular Paratrechina longicornis (Latreille) (Formicidae), which has substantially increased in range in recent years, and Monomorium destructor (Jerdon) (Formicidae), which seems to be having a detrimental affect on ant biodiversity on Floreana where it was Þrst found in 1997 (Pezzatti et al. 1998, von-Aesch and Cherix 2003) .
Less well-known predators that are also likely to affect native invertebrates include Carabidae, Cleridae, Coccinellidae, Histeridae, Hydrophilidae, Staphylinidae (Coleoptera); Calliphoridae (Diptera); Dermaptera; and Anthocoridae, Pentatomidae, and Reduviidae (Hemiptera). Predatory groups that have the highest potential are those that are strong ßiers or are parthenogenetic. There is strong evidence that at least three carabid species [Pentagonica flavipes (Le Conte), Cicindela trifasciata F., and Calleida migratoria (Casale)] have spread rapidly within 20 yr of being introduced (Desender et al. 1992 (Desender et al. , 2002 . C. trifasciata has become very abundant since it was discovered in 1983 and seems to be displacing the endemic Cicindela galapagoensis W. Horn (Carabidae), which is restricted to tidal salt ßats and marshes (Cassola et al. 2000) . In addition, observations of copulation between these two species suggest that hybridization and genetic disruptions may be taking place (Cassola et al. 2000) .
Native invertebrates also may be impacted by introduced parasitoids, principally Hymenoptera (e.g., Aphelinidae, Encyrtidae, and Ichneumonidae), but also one species of Drosophilidae, a predator of ensign coccids. The Hymenoptera are parasitoids of Homoptera, Lepidoptera, and Diptera, and some are hyperparasites of other Hymenoptera. Only 24 species of parasitoids have been reported as introduced to Galápagos, but more of this poorly studied group is probably present. Some species may help control other introduced species. In Galápagos, the hyperparasitoid Brachymeria podagrica F. (Chalcididae) has been reared from P. downsi, but its effect on this parasite is unknown.
Potentially Moderate Invasive Species (Scores 4 and 5). This group includes live plant herbivores, predators, scavengers, dead wood borers, and fungivores.
Almost one-half of the species that scored 5 are likely to be found on more islands than just those for which they are currently reported. Scale insects, many of which are highly polyphagous agricultural pests elsewhere, have been generally poorly surveyed and probably pose a threat to Galápagos ßora. The tramp species Tetramorium bicarinatum (Nylander) (Formicidae) increased its range following the 1983 El Niñ o event (Lubin 1985) , and surveys are necessary to determine whether it has spread further.
Scavengers that are extensively distributed in the Archipelago could be inßuencing community structure and/or soil quality and include cockroaches, sarcophagid ßies, tineid moths, and psocopterans. A ßower visitor, Pieza sinclairi Evenhuis (Mythicomyiidae), is found extensively despite its relatively recent introduction and poor dispersal capacity (Evenhuis 2002) . Anaplecta lateralis (Burmeister) (Blatellidae) also has spread rapidly since it was Þrst recorded in 1991, and by 1996 it was very common in pastures and forests on Santa Cruz (Peck 2001).
Nonthreatening and Potentially Weakly Invasive Species (Scores 0 -3).
This Þnal grouping includes many of the same trophic groups as in the previous ranking, particularly scavengers, some ectoparasites, and sap feeders.
Some alien insects may not signiÞcantly impact Galápagos biota. Many stored product feeders seem unlikely to spread outside inhabited areas, but some scavengers that are principally stored-product feeders such as bruchids, tenebrionids, psocids, and silvanids have been able to naturalize on uninhabited islands.
Oligophagy can prevent a species from affecting biodiversity. For example, the shoot borer Hypsipyla grandella (Zeller) (Pyralidae, Phycitinae) can only feed on introduced Meliaceae, and Stenoma catenifer (Wals.) (Elachistidae) is a specialist feeder on Lauraceae, which also are introduced to Galápagos. The recently introduced Aedes aegypti (L.) (Culicidae), a vector of dengue in Galápagos, has the capacity to transmit at least one form of avian malaria in the laboratory, but it is considered a low-to-medium threat to indigenous vertebrates because it is highly anthropophilic and feeds during the day (Huff 1965 , Scott et al. 1993 . Most ectoparasites, such as Phthiraptera and Siphonaptera, are not considered a risk to native fauna because they are host speciÞc on introduced species with no native equivalent.
Oligophagy can be advantageous if the species is restricted to feeding on other potentially invasive species, such as Anagyrus trinidadensis Kerrich (Encyrtidae), an internal parasite of Ferrisia species (Pseudococcidae) (Noyes and Hayat 1994) and Encarsia pergandiella Howard (Aphelinidae), which is associated with whiteßies (Aleyrodidae) (Noyes 1998).
In conclusion, the number of alien insects in Galápagos is probably higher than presently known. Some groups that contain agricultural pests with a high probability of being transported to Galápagos are understudied, such as microlepidoptera, Hemiptera, and Diptera. Areas of new incursions, such as the urban and agricultural zones, have not been completely surveyed. Priority should be made to continue surveys in these areas and to carry out surveys for introduced insect taxa that have been poorly inventoried, but which possess a high percentage of potentially highly invasive species, such as Homoptera and Hymenoptera.
A complex set of interactions occurs with the establishment of an alien insect species, and these interactions are not easily understood. Disease transmission, predation, and herbivory will cause the greatest impact, but indirect effects on ecosystem structure by groups such as scavengers should not be underestimated. Competition, hybridization, and the synergistic effects of invasives on other introduced species also may affect the composition and conservation status of Galápagos species. Moreover, specialist feeders may have just as much impact (if not more) than many species with wide feeding ranges.
Indigenous Galápagos plants are the taxa most at risk because of the many herbivorous insects that have been introduced, including disease vectors and oli-gophagous species. Invertebrates are threatened by a diverse group of predators and parasitoids. Vertebrates are threatened by fewer species but may suffer if fatal pathogens are introduced that can be transmitted by established insect vectors. The most vulnerable species will be endemic species that are already threatened or stressed. Damage to keystone species also could have an indirect impact on community structure. The interactions of endemic and keystone species with potentially invasive introduced insect species should be evaluated to identify the species that are most threatened.
Insect families that are potentially highly invasive include whiteßies, cicadellids, aphids, ants, carabids, staphylinids, and pyralids. The distribution of these species in Galápagos and elsewhere shows that many have the ability to disperse and colonize a wide range of habitats. Williamson (1996) estimates that 5Ð20% of introduced species become serious pests. If this is true, the number of insects that eventually become deleterious invasives in Galápagos may be lower than we predict. However, the precautionary principle is safest in the long run. As more surveys are carried out in Galápagos, the invasiveness scores will probably be modiÞed. Some species that initially have a high impact may eventually decline (Parker et al. 1999 , Morrison 2002 , Simberloff and Gibbons 2004 , conversely, some may go through a latency period before becoming invasive (Carey 1996 , Williamson 1996 , Kiritani and Yamamura 2003 . Many alien insect species are well-established and widespread and should not be considered priorities for management unless they are seriously affecting endemic or keystone species.
One of the most useful predictors of a species becoming invasive is its history elsewhere (Wittenberg and Cock 2001) . Comparative studies of insect species colonizing different parts of the world and having adverse ecological impacts will produce a better understanding of insect attributes associated with invasiveness and environmental conditions that facilitate invasion. Alien insect studies are still very much orientated toward crop protection. Abundant information exists for agricultural pests, but this has little application in natural ecosystems because crops are grown in artiÞcial environments creating artiÞcial behaviors. The paucity of information on the impact of invasive insects on natural ecosystems has been discussed by others (Parker et al. 1999 
